A digoxigenin-labeled RNA probe, corresponding to the section of the bluetongue virus (BTV) serotype 17 genome coding for nonstructural protein-1 (NS1), was applied to noninfected cell cultures and cell cultures infected with 24 different serotypes of BTV, 2 serotypes of epizootic hemorrhagic disease virus, and African horse sickness virus type 4. The probe hybridized to all cell cultures infected with the various BTV serotypes but did not hybridize to noninfected cell cultures or cell cultures infected with any of the other orbiviruses.
Bluetongue is a disease of sheep and occasionally other ruminants and is characterized by an acute clinical syndrome of varying severity and reproductive disorders. Bluetongue virus (BTV) is a member of the genus Orbivirus in the family Reoviridae and is transmitted by biting midges of the genus Culicoides. Currently, 24 serotypes of BTV have been isolated from various parts of the world.
Definitive diagnosis of BTV infection requires culturing of the agent. The usual isolation method is in embryonating chicken eggs followed by passage in cell culture, 3 a procedure that can take weeks.
Previous studies have proposed the nonstructural protein-l (NSl) as a possible target in creating diagnostic tests for group-specific reactions. 5, 14 Nonstructural protein-l, the principal component of tubules associated with replication, is the major protein synthesized in cells infected with BTV, 8 and the mRNA coding for this protein is transcribed in a higher molar ratio than that from any of the other genes. 10 Membrane hybridization studies have shown that the genomic segment coding for NS1 is the most conserved, 7, 13 and nucleotide sequencing of this gene for various BTV serotypes has revealed a high level of homology. 4,6,1l The aim of this study was to determine if an RNA probe made from segment 6 of BTV-17 coding for NSl could be used to successfully detect cells infected with each of the 24 serotypes of BTV and differentiate BTV from closely related orbiviruses.
Materials and methods
Viruses. All viruses used were from the Foreign Animal Disease Diagnostic Laboratory repository. All were adapted From the Foreign Animal Disease Diagnostic Laboratory, National Veterinary Services Laboratories, Veterinary Services, Animal and Plant Health Inspection Service (Brown, Meyer), and the Plum Island Animal Disease Center, Agricultural Research Service (Grubman), USDA, PO Box 848, Greenport, NY 11944.
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to grow in Vero cells. a Viruses used included the 24 different BTV serotypes (1-24), epizootic hemorrhagic disease virus (EHDV) serotypes 1 and 2, and African horse sickness virus (AHSV) serotype 4. Cell culture. For in situ hybridization, 8-well chamber slides b were coated briefly with poly-L-lysine, c air dried, then conditioned with media and 20% fetal calf serum at 37 C for two days to decrease toxic effects due to poly-L-lysine. Chamber slides were then seeded with Vero cells. When monolayers reached confluence, replicate chambers were infected with the BTV serotypes at a multiplicity of infection (MOI) of 0.1 or with EHDV-1, EHDV-2, or AHSV-4 at MOI of 0.01, 0.1, and 1.0, respectively. Some wells were left as noninfected controls. In addition, some chambers were infected with BTV-17 at MOI of 0.01 and 1.0. Infected cultures were incubated at 37 C in a CO, incubator and fixed at 24 and 48 hr postinfection (hpi). For fixation, chambers were removed, slides were rinsed briefly in medium, immersed for 10 min in 4% paraformaldehyde in phosphate-buffered saline (PBS) with 5 mM MgCl 2 , rinsed in 50% ethanol for 5 min, then stored at 4 C in 70% ethanol until used.
For indirect fluorescent antibody (IFA) testing, cultures were prepared and infected in a similar manner, except that slides were not treated with poly-L-lysine. Slides for IFA were fixed at 24 hpi by immersion in cold acetone for 3 min and stored at -70 C until tested.
Preparation of probe. A full-length copy of the coding region of segment 6 from BTV-17, which codes for the NSl protein, was cloned into an expression vector under the control of a T7 RNA polymerase promotor. A construct representing most of this gene and cloned into KSII d was linearized with the restriction enzyme PvuII. A 1.2-kb fragment containing the T3 promoter site was separated on a 1% agarose gel and excised and then served as the template for a transcription reaction using T3 RNA polymerase and digoxigenin-labeled nucleotides. e Antisense transcripts were generated. The resulting product was precipitated with ethanol, hydrolyzed into smaller segments, and reprecipitated. Concentration of the final suspension was estimated with ethidium bromide.
In situ hybridization. Chamber slides were rehydrated in distilled water, then rinsed briefly in PBS with 5 mM MgCl 2 , followed by washing in 200 mM Tris-HCl, pH 7.6, with 100 mM glycine. To permeabilize the cells, proteinase K (1 µg/ ml in 10 mM Tris-HCl, pH 7.4, 2 mM CaCl 2 ) was applied to the cell sheets for 15 min at 37 C. Digestion was stopped by rinsing in a solution of 100 mM glycine, followed by postfixation in 4% paraformaldehyde in PBS with 5 mM MgCl 2 for 5 min. Cultures were then equilibrated in prehybridization fluid (5 x standard sodium citrate, 50% formamide, 5% blocking reagent, e 1% N-lauroylsarcosine, 0.02% sodium dodecyl sulfate) for a minimum of 1 hr at 52 C. Double-stranded target molecules were denatured by covering the cultures in a solution of 50% formamide in 5 x standard sodium citrate for 10 min at 100 C. After a quick chill, approximately 100 ng of probe in 70 µ1 of prehybridization solution was placed over the culture and held in place with a siliconized coverslip, the edges of which were diluted 1:300 in 100 mM Tris-HCl, pH 7.5, 150 mM NaCl with 3% normal sheep serum for 2.5 hr at 37 C. The substrate and chromogen were 5-bromo-4-chloro-3-indolylphosphate and nitroblue tetrazolium, respectively. Color development progressed for 1.5-2.5 hr and was stopped by rinsing the cultures in distilled water.
Indirect fluorescent antibody testing. Slides were allowed to warm to room temperature and rinsed briefly in PBS. Primary antibody (monoclonal antibody [MAb] 8B1B.1 against the major core protein VP7 1 ) was diluted 1:100 and applied to the cultures for 30 min at room temperature. After 2 PBS washes, secondary antibody (FITC rabbit anti-mouse antibody diluted 1:32) was applied for 30 min at room temperature. Slides were rinsed and air dried, and results were read on an ultraviolet microscope.
Results
Positive hybridization signals were obtained when the probe was applied to each of the 24 BTV serotypes in cell culture (Table 1) . Signal appeared as distinct, perinuclear to diffuse cytoplasmic granularity in 5-20% of cells in culture monolayers that had been infected 24 hours prior to fixation with an MOI of 0.1 for all serotypes except BTV-20 ( Fig. 1) . For BTV-20, positive hybridization was obtained at 48 hpi using an MOI of 0.1. For BTV-17, which was also tested at MOI of sealed with nail hardener. Hybridization occurred overnight at 52 C. The following day, cultures were washed in a series 0.01 and 1.0 at 24 hpi, there was strong positive signal of stringent washes at 55 C. Nonhybridized probe was re-at these infection rates. Four of the serotypes (9, 11, moved by treatment with RNaseA (1 µg/ml in 10 mM Tris-12, 16) had very weak signal at 24 hpi and so were HCl, pH 8.0, 1 mM ethylenediaminetetraacetic acid) for 15 tested again at 48 hpi. For all of them, signal increased min at 37 C. After treating with 5% blocking reagent, cultures considerably with the prolongation of the incubation were incubated with anti-digoxigenin alkaline phosphatase" period with a greater percentage of cells were infected. Noninfected control cell cultures and cell cultures infected with EHDV-l, EHDV-2, and AHSV-4 at all 3 MOIs tested (0.01, 0.1, and 1.0) had no hybridization signal.
By IFA testing, fluorescence appeared as distinct, punctate perinuclear bright spots in 17 of the 24 BTVinfected cultures all at MOI of 0.1 fixed at 24 hpi. There was no staining in cultures infected with BTV serotypes 3, 5, 6, 8, 13, 14, and 16 , in cultures infected with EHDV-l, EHDV-2, and AHSV-4, or in any of the noninfected control cultures.
Discussion
The digoxigenin-labeled RNA probe corresponding to the antisense strand of genome segment 6 coding for the NSl protein hybridized to cell cultures infected with each of the 24 known BTV serotypes. All serotypes had positive hybridization at 24 hpi, with the exception of BTV-20, which was negative at 24 hpi but positive at 48 hpi. The lack of hybridization at 24 hpi with serotype 20 may be due to slow replication of this particular serotype, resulting in less mRNA available for hybridization. For those 5 serotypes examined at both 24 and 48 hpi, signal was considerably more dense and distinct at 48 hpi than at 24 hpi. Although the other 19 serotypes were only tested at 24 hpi, signal probably would have increased at 48 hpi for these serotypes also.
There was no hybridization observed in cell cultures infected with the other 3 orbiviruses tested, EHDV-l, EHDV-2, and AHSV-4. Similarly, noninfected Vero cell cultures were completely free of any nonspecific signal.
At 24 hpi, in situ hybridization was more sensitive than IFA, detecting 23 of 24 serotypes whereas IFA detected only 17 of 24 serotypes. The primary antibody used in the IFA (MAb 8B1B.1) reacts with the major core protein VP7 (previously termed VP9), 1 which contains group-specific antigenic determinants. 9 In a previous study, this antibody was tested against and reacted with BTV serotypes 1-20. 1 In the present study, it also reacted with serotypes 21-24 but failed to detect serotypes 3, 5, 6, 8, 13, 14 , and 16 under the present conditions of infection. Longer incubation, i.e., 48 hours, may have resulted in positive signals for all BTV serotypes in the IFA test.
Other workers have used nucleic acid probes to look for the presence of BTV in infected cultures or tissues. In a previous study, 2 a biotinylated RNA probe made but only in very few cells (0.00 14.01%). The authors acknowledged that although this technique has limitations for detecting BTV directly from blood of an affected animal, it could have some utility for detecting BTV following virologic isolation. 2 In another study, 15 a biotinylated complementary (c) DNA probe corresponding to BTV-17 segment 3, which codes for structural protein VP3, was applied to embryonating chicken eggs that had been infected with 1 of 5 BTV serotypes (2, 10, 11, 13, or 17), EHDV-1, EHDV-2, infectious bronchitis virus, or Newcastle disease virus. Although there was positive hybridization reaction with all the bluetongue viruses and no reaction with either of the avian viruses, there was cross-hybridization with EHDV. In a related study, investigators used the same probe but with a radioactive label to detect viral nucleic acid in BTV-infected baby hamster kidney 21 cells. 12 There was positive signal with all 5 serotypes of BTV found in the USA (2, 10, 11, 13, 17), with sensitivity no greater than indirect fluorescent antibody and consistently less than that found with virus isolation.
In this study, the nucleic acid probe, a digoxigeninlabeled RNA probe made from a cDNA copy of the gene coding for the highly conserved NSl protein, recognized infection of cell culture with all 24 BTV serotypes with no cross-hybridization to 3 other orbiviruses tested, including the closely related EHDV serotypes. Consequently, this probe may be useful as a diagnostic reagent for shortening the lengthy procedures involved in identification of viruses such as BTV. This probe also could be utilized in pathogenesis studies. from segment 6 of BTV-11 was applied to bovine blood 2. mononuclear cells taken from an infected animal or infected in vitro. There was no hybridization when the probe was applied to cells taken from an infected animal, despite the presence of a detectable viremia. For 3 cells infected in vitro, there was distinct hybridization,
